The merits and demerits of the direct method and modal analysis method are also discussed.
Introduction
Wave-induced motion of a very large floating structure (VLFS) recently becomes a hot topic of research after a matlike structure has been proposed as a candidate of an offshore airport. Many of the studies on this topic may be classified into two categories, the "direct method" and "modal analysis method". With modal analysis method, deflection of the mat-like structure is expressed by superposing a kind of eigenmodes. Maeda et al. 4) simplified the deflection of the structure to a two-dimensional one and used the eigenmodes of a free beam to obtain the motion. Kashiwagi et al.2) solved the three-dimensional motion of the structure using the "generalized modes" which were the products of free beam eigenmodes along x-and y-directions. While dry-eigenmodes of a free-free plate were used in Takaki et al.'s 7), and Lin et al.'s 3) studies. In Takaki's study, the eigenmodes were obtained by using Finite Element Method (FEM), and in Lin's study the eigenmodes were expressed in term of bi-cubic B-spline function and determined by directly solving the eigenvalue problem of the motion equation of the structure. With direct method, the unknown deflection of the structure is determined by directly solving the motion equation without the help of eigenmodes. The first study of direct method for a VLFS has been done by Mamidipudi & Webster5) . In their solution procedure, the potentials of diffraction and radiation problems were established first, and deflection of the mat-like structure was determined by solving the combined hydroelastic equation with centered finite difference scheme. Their method has been modified by Yago et al .9) In Yago's direct method, the pressure distributions of the diffraction and radiation problems were estimated by applying pressure distribution method, and the motion was solved weak point of constant panel method is that it is very difficult to deal with the very short incident wave case that is unavoidable for a very large floating structure. To cover the short wave case in calculations, the authors have studied the high order B-spline panel method for the problems of wave-induced motion of a VLFS. A modal analysis method with hi-cubic Bspline panels for both the deflection and pressure distribution has been published by the authors3), and its counterparts of direct method, a B-spline type direct method, is proposed in this study.
In the proposed B-spline type direct method both the deflection of the structure and unknown pressure distribution are discretized with bi-cubic B-spline function. Hydrodynamic pressures due to the structural motion and incident waves are estimated by applying the pressure distribution method with Galerkin's scheme. The shape of the motion of each radiation freedom is given by the B-spline basis function, and the amplitudes of the radiation motions are determined by solving the Lagrange's equation of the structure that ensures the satisfaction of energy-conservation principle. In the direct method proposed by Kashiwagi1) high order B-spline discretization has also been used. The present method is studied independently and its prediction procedure is totally different from that of Kashiwagi's. In present method, the prediction has been made in two steps. First the diffraction and radiation pressure distributions are estimated, and second the amplitude of each radiation motion is determined. While in Kashiwagi's method, the total pressure distribution and the motion of the structure are simultaneously solved in one step. If deflection of the structure and the pressure on its bottom are both discretized into N unknowns, then two linear systems of simultaneous equations with unknown number N must be solved by the proposed method, while one with unknown number 2N must be solved by Kashiwagi's direct method. It means the computing time used by the proposed method will in principal be half of that used by Kashiwagi's method, and for the same reason the shortest wave length the proposed method can deal with will be the half of that of Kashiwagi's direct method. To validate the proposed method, comparisons between the theoretical calculations and experimental data have been carried out for the deflections and bending moments of a single structure, and it shows that the theoretical predictions and experimental results are in a very good agreement. In addition, the proposed method is applied to multiple elastic structures connected with beams. Again, the comparison of deflections of the structures and the bending moments of the beam connectors in various incident waves show good agreements between the calculations and experiments. The merits and demerits of the direct method and modal analysis method are also discussed.
Diffraction and Radiation Problems
The floating structure considered in this study is the one of several kilometers in length and about one kilometer in width, and in comparison with these scales the depth of the structure is only a few meters. Therefore we simplify the structure to an elastic plate floating on the free surface. In addition, the displacement of the structure along horizontal direction will be very small comparing with that along the vertical direction and will be neglected in this study. Therefore, deflection vector of the structure, W(x, y; l), is given by (1) The coordinate system and the sketch of the structure are shown in Fig. 1 . where Eijki is the tensor of Young's modulus.
The structure we considered here is a plate. Hydrodynamic pressure on wetted surface Sh is defined by formula (3) and (6) , and the deflection is defined by formula (4), (7) and (9 at rims of the plate, which confirms that the edge condition of a free-free plate has been satisfied by the proposed method.
The direct method proposed in this study has been validated by the comparisons between the calculations and experiments shown in Fig. 3 to Fig. 7 . Next, we apply the proposed method to a structure system consisting of three plates. Three cases are considered. One is that the plates are free from each other. In the second case the plates are connected with the adjacent ones by four beams, and seven beam connectors are used in the third case. Sketch of the structure system is given in Fig. 8 . The results shown in Fig. 9 and Fig. 10 The calculated results shown in Fig. 3 to Fig. 7 , and Fig. 9 and Fig. 10 
